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Objective: To explore rates of hospitalized head injury among older Australians by a range of risk indicators.
Design: Head injury data for 60+-year-olds were obtained from the Australian Institute of Health and Welfare
Hospital Morbidity Database from 1998/1999 to 2004/2005. Poisson regression modeling was used to
examine head injury rates in relation to age, sex, Indigenous status, location, and injury type.
Results: Rates of hospitalized head injury among the older population increased 1.4-fold between 1998/
1999 (582.8 per 100 000) and 2004/2005 (844.3 per 100 000) (p,0.001). Those aged 85+ years had
10.8 times the rate of their 60–64-year-old counterparts (95% CI 10.6 to 11.0) after adjustment for other
covariates. Men had 1.1 times the rate of women (95% CI 1.1 to 1.2), and those living in rural/remote areas
had 3.1 times the rate of their metropolitan-dwelling counterparts (95% CI 3.0 to 3.1). Those identifying
themselves as Indigenous had 1.7 times the rate of non-Indigenous persons (95% CI 1.6 to 1.8). The most
prevalent injuries were open wounds of the head (38.0%), followed by superficial injuries (24.7%) and
intracranial trauma (18.3%). Falls accounted for 81.4% of all head injury admissions.
Conclusions: The oldest old were disproportionately represented among those sustaining hospitalized head
injuries, along with men, those living in rural/remote areas, and Indigenous persons. Given the increasing
proportion of older people in Western societies and the costs of treating hospitalized head injuries, the ability
to reduce risk of such trauma in this age group is of critical public health importance.

P
eople are living for longer in most Western societies.1 They
are healthier and have more active lifestyles.2 As a
consequence, they are increasingly exposed to risk of

injury,3 including injury to the head region.4 The literature
indicates that the prevalence of head injury among older
populations in developed countries has increased over the last
30 years.4 5 Given that the proportion of Australians aged 65+
years is projected to rise from 13% in 2002 to 27–30% in 2051,6

head injuries in this age group are also likely to increase both in
terms of case numbers and proportion of total injury.

Head injury poses a substantial threat to the health of older
Australians, being the fifth leading cause of hospitalization for
those aged 65+ years7 and contributing to the global burden of
death and disability across older age groups in general.8

Estimating the magnitude of this problem is critical so that
the relative burden of hospitalized head injuries compared with
other preventable health problems in the older population can
be assessed, and the appropriate level of national investment
for specific head injury prevention activities among older people
determined.9 Risk factors for hospitalized head injury are
generally more amenable to modification than those for
disease, making prevention of hospitalized head injury among
the older population a cost-effective public health strategy.

The aims of this study were: (1) to explore rates of
hospitalized head injury among 60+-year-olds by age, sex,
location, and Indigenous status at a national level in Australia
in the last 7 years; (2) to examine differences by type of
hospitalized head injury sustained in the same period; (3) to
ascertain the primary causes of hospitalized head injury among
the older population. The hypotheses in this simple descriptive
study, based on the literature, were that: (1) rates of
hospitalized head injury among the older population would
be increasing at a annual rate of 5%;4 5 (2) rates of hospitalized
head injury would be 10% higher among the older old,10 men,9

those living in rural/remote locations,11 12 and those identifying
themselves as Indigenous13; (3) over 50% of diagnoses of

hospitalized head injury would be open wounds to the head
and superficial trauma7 14; (4) falls would be the external cause
for two thirds of the hospitalized head injuries sustained.15 16

METHODS
Data on head injuries experienced by persons aged 60+ years
who were admitted to public and private hospitals across all
Australian states and territories were accessed from the
Australian Institute of Health and Welfare National Hospital
Morbidity Database from 1 July 1998 to 30 June 2005. Data
were recorded in standardized ICD-10-AM (International
Statistical Classification of Diseases and Related Health
Problems, 10th Revision, Australian Modification) codes, which
are patient record codes used throughout Australian hospitals.
Because all data were de-identified and collected primarily for
administrative purposes, the Human Research Ethics
Committee of the University of Adelaide did not consider
ethical approval to be necessary for the secondary analysis of
such data.

The ICD-10-AM diagnosis codes pertaining to ‘‘injury to the
head’’ were included. These are divided into 10 categories and
include any injuries of the ear, eye, face, gum, jaw, oral cavity,
palate, periocular area, scalp, temporomandibular joint area,
tongue, and tooth. Records were selected according to whether
the principal or additional diagnoses contained an ICD code of
S00–S09 (table 1). It was possible for one head injury
admission to have received more than one ‘‘injury to the head’’
diagnosis code—for example, a primary diagnosis code of S06.0
(concussion) might have been assigned an additional diagnosis
code of S00.0 (superficial injury of scalp). The circumstances of
injury events were coded according to the ICD Supplementary
Classification of External Cause of Injury and Poisoning,
referred to as E codes.

Demographic information was collected and included
patients’ age, sex, residential location, and Indigenous status.
Residential location was measured using the Rural, Remote and
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Metropolitan Areas classification, which is an index based on
Statistical Local Areas that allocates each of the latter in
Australia to a category based on population numbers and an
index of remoteness. ‘‘Metropolitan’’ is defined as any capital
city or other metropolitan area with a population of .100 000,
‘‘rural’’ zones are those with a population ranging from 10 000
to 99 000, and ‘‘remote’’ areas those with a population of
,10 000. For the purposes of this study, rural and remote zones
were combined. ‘‘Indigenous status’’ was defined as a person
who identified themselves as Aboriginal, Torres Strait Islander,
or both. Separations with Indigenous status ‘‘not stated’’ were
excluded from the analyses.

Estimated resident population (ERP) counts of all demo-
graphic stratifications (sex, age, Indigenous status, location) for
the years 1998/1999 to 2004/2005 were provided by the
Australian Bureau of Statistics. The ERP in Australia uses the
census usual residence count as a basis, then makes certain

assumptions on how the population is growing, and is likely to
grow, since it was last officially estimated. To calculate the ERP,
census counts are adjusted to exclude overseas visitors, include
residents temporarily abroad, and to account for under-
enumeration of the population in the last census. The ERP is
calculated four times a year to provide official, up-to-date
estimates of the population. It is thus the most reliable
denominator for the purposes of our study.

Rates of hospitalized head injury incident (number of head
injuries for a specified strata/diagnosis divided by the ERP of
the same specified strata, multiplied by 100 000) and incident
rate ratios were computed along with 95% CI using a general-
ized Poisson regression model.17 Results from the Poisson
regression models are presented as non-adjusted and adjusted
incident rate ratios to estimate the independent effect of each
covariate on the rate of hospitalized head injury. Confidence
limit ratios are also presented.18 Data were analysed using
Intercooled Stata 8.0 (Stata Corp, College Station Texas, USA) .

RESULTS
There were a total of 164 233 hospital admissions for head
injury, and 200 753 ‘‘injury to the head’’ diagnoses, for those
aged 60+ years between 1998/1999 and 2004/2005 at a national
level in Australia. Rates of hospitalized head injury increased
from 582.8 per 100 000 in 1998/1999 to 844.3 per 100 000 in
2004/2005, a 1.4-fold increase (p,0.001). The most prevalent
diagnoses were open wounds of the head (38.0%), followed by
superficial injuries to the head (24.7%) and intracranial injury
(18.3%) (table 1). Some 133 735 (81.4%) hospitalized admis-
sions were due to falls.

The overall rate of hospitalized head injury was 719.0 per
100 000 (table 2). After adjustment for other covariates, people
aged 85+ years had 10.8 times the rate of hospitalized head
injury of those aged 60–64 years. Men had slightly higher rates
than women, those living in rural/remote locations had 3.1
times the rate of their metropolitan-dwelling counterparts, and

Table 1 Number of hospitalized head injuries among
older Australians by diagnosis (ICD diagnosis code), 1998/
1999 to 2004/2005

Code Description No of head injuries

S00 Superficial injury of head 49639 (24.7)
S01 Open wound of head 76336 (38.0)
S02 Fracture of skull and facial bones 17991 (9.0)
S03 Dislocation, sprain, and strain of joints and

ligaments of the head
449 (0.2)

S04 Injury of cranial nerves 309 (0.2)
S05 Injury of eye and orbit 7361 (3.7)
S06 Intracranial injury 36776 (18.3)
S07 Crushing injury of head 16 (0.0)
S08 Traumatic amputation of part of head 134 (0.1)
S09 Other and unspecified injuries of head 11742 (5.8)
Total 200753 (100.0)

Values in parentheses are percentages.

Table 2 Rates of hospitalized head injury, unadjusted incidence rate ratios, and generalized adjusted incident rate ratios among
older Australians; 1998/1999 to 2004/2005

Variable

No of
head injury
separations

Estimated
resident
population

Rate per 100000
(95% CI*)

Unadjusted rate ratio
(95% CI*; CLR)

Adjusted rate ratio�
(95% CI; CLR)

Total 164233 22839749 719.1 (719.0 to 719.2)
Year

1998/1999 (ref) 17693 3035689 582.8 (582.0 to 583.7)
1999/2000 19848 3104659 639.3 (638.5 to 640.1) 1.10 (1.08 to 1.12; 1.04) 1.09 (1.07 to 1.11; 1.04)
2000/2001 21527 3176970 677.6 (676.8 to 678.3) 1.17 (1.14 to 1.19; 1.04) 1.14 (1.12 to 1.17; 1.04)
2001/2002 23515 3257558 721.9 (721.2 to 722.6) 1.24 (1.22 to 1.27; 1.04) 1.20 (1.18 to 1.23; 1.04)
2002/2003 25053 3338257 750.5 (749.8 to 751.2) 1.29 (1.27 to 1.32; 1.04) 1.24 (1.22 to 1.26; 1.03)
2003/2004 26964 3416823 789.2 (788.5 to 789.8) 1.36 (1.33 to 1.38; 1.04) 1.29 (1.27 to 1.32; 1.04)
2004/2005 29633 3509793 844.3 (843.7 to 844.9) 1.45 (1.42 to 1.48; 1.04) 1.38 (1.35 to 1.40; 1.04)

Age group
60–64 years (ref) 15478 5755924 268.9 (268.2 to 269.6)
65–69 years 15727 4891829 321.5 (320.8 to 322.2) 1.24 (1.21 to 1.26; 1.04) 1.24 (1.21 to 1.27; 1.05)
70–74 years 20789 4416936 470.7 (470.0 to 471.3) 1.75 (1.71 to 1.79; 1.05) 1.82 (1.78 to 1.86; 1.04)
75–79 years 29316 3606342 812.9 (812.3 to 813.5) 3.04 (2.98 to 3.10; 1.04) 3.22 (3.15 to 3.28; 1.04)
80–84 years 33864 2328021 1454.6 (1453.9 to 1455.3) 5.45 (5.35 to 5.56; 1.04) 5.82 (5.71 to 5.93; 1.04)
85+ years 49059 1840697 2665.2 (2664.6 to 2665.9) 10.00 (9.82 to 10.18; 1.04) 10.79 (10.60 to 10.90; 1.03)

Sex
Male 72964 10455560 697.8 (697.6 to 698.1) 0.95 (0.94 to 0.95; 1.01) 1.14 (1.13 to 1.15; 1.02)
Female (ref) 91259 12384189 736.9 (736.7 to 737.1)

Location
Metropolitan (ref) 115880 20000299 579.4 (579.3 to 579.5)
Rural/remote 47427 2839450 1670.3 (1669.8 to 1670.8) 2.88 (2.85 to 2.91; 1.02) 3.06 (3.03 to 3.09; 1.02)

Indigenous status
Indigenous 1226 80799 1517.3 (1497.8 to 1536.9) 1.16 (1.10 to 1.23; 1.12) 1.67 (1.57 to 1.77; 1.13)
Non-Indigenous (ref) 163007 22758950 716.2 (716.1 to 716.3)

CLR, confidence limit ratio (upper confidence limit divided by the lower confidence limit).18

*95% CI computed under standard large sample Poisson assumptions.17

�Generalized Poisson regression model rate ratio estimates are adjusted for all other covariates presented in the table.
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those identifying themselves as Indigenous had 1.7 times the
rate of their non-Indigenous counterparts.

When specific diagnoses of hospitalized head injury were
considered in isolation, and after adjustment for potential
confounders, people aged 85+ years had 13.7 times the rate of
open wounds to the head, 14.6 times the rate of superficial
injuries to the head, 5.9 times the rate of intracranial injury, 4.2
times the rate of fractures of the skull and facial bones, and 7.0
times the rate of ‘‘other’’ hospitalized head injury (ICD
diagnosis categories S03, S04, S05, S07, S08, and S09
combined) of those aged 60–64 years. Men had 1.3 times the
rate of open wounds to the head, 0.7 times the rate of
superficial injuries to the head, 1.5 times the rate of intracranial
injury, 1.2 times the rate of fracture of the skull and facial
bones, and 1.1 times the rate of ‘‘other’’ diagnoses of their
female counterparts. Rural/remote dwellers had 2.9 times the
rate of open wounds to the head, 3.0 times the rate of
superficial injuries to the head, 3.3 times the rate of intracranial
injury, 2.9 times the rate of fracture of the skull and facial
bones, and 3.6 times the rate of ‘‘other’’ diagnoses of those
living in metropolitan areas. Those identifying themselves as
Indigenous had 2.0 times the rate of open wounds to the head,
1.4 times the rate of superficial injuries to the head, 1.3 times
the rate of intracranial injury, 1.8 times the rate of fracture of
the skull and facial bones, and 2.0 times the rate of ‘‘other’’
diagnoses of their non-Indigenous counterparts.

Across all age groups, open wounds to the head were the
most prevalent diagnoses (fig 1). Intracranial injuries were the
next most common diagnosis for those aged 60–64 and 65–69
years, but for all other age groups, superficial injury was the
next most common diagnosis. Across the age groups 60–79
years, rates for fracture of the skull and facial bones and
‘‘other’’ diagnoses were similar. However, in the 80–84 and 85+
year age groups, rates for the ‘‘other’’ diagnosis were higher
than the rates of fracture of the skull and facial bone.

DISCUSSION
Our findings indicate that rates of hospitalized head injury
among older people in Australia are increasing. Rates for people
aged 85+ years were more than 10 times those of their 60–64
year old counterparts, ranging from 4.2 times greater for
fracture of the facial bones to 14.7 times greater for superficial
injuries of the head, in the period 1998/1999 to 2004/2005.
Overall, rates of hospitalized head injury were higher in men
than women, although the opposite was observed when various
diagnoses were considered in isolation, for example, superficial
injuries. Those living in rural/remote locations had over 3 times

the hospitalized head injury rate of their metropolitan-dwelling
counterparts, which increased to as much as 3.6 times when
specific diagnoses were considered—for example, ‘‘other’’
diagnoses. Consistent with our hypothesis, rates of hospitalized
head injury among older Indigenous people were higher than
those of their non-Indigenous counterparts, except for the
specific diagnosis of facial bone fracture. Across all age groups,
the most prevalent diagnoses were open wounds to the head,
followed by superficial injuries and intracranial injuries. Falls
contributed to 81.4% of all injuries.

Before interpreting our findings, it is important to consider
the weaknesses of the study approach. There is a greater
likelihood of hospital admission by age alone in our sample,
especially among those aged 85+ years. There is also a
considerable role of comorbidities and age in the decision to
admit. The study is based on national-level data pertaining to
all hospitalized head injuries and, as such, includes a high
proportion of minor injuries such as superficial trauma or
conditions without intracranial pathology. Fatality data were
not included, meaning that patients with severe head injuries
who died before hospital admission are not represented. A
future study that explores age gradients in serious head
injuries, including mortality as a result of head injury, may be
valuable. It is also important to note that hospital admission
reflects only the tip of the head injury incidence iceberg. First
there must be the injury event itself, with a multitude of factors
relating to that, then a decision to seek care at an emergency
department or trauma center, followed by a decision to admit to
hospital. We have explored only the final step in this pathway.

Taking into account these caveats, our findings portray an
interesting scenario given that by the year 2021, 17.8% of the
Australian population are predicted to be aged 65+ years.6 Older
people already represent a substantial proportion of emergency
department patients admitted because of head injury, and this
is likely to rise as the proportion of the older old in Australia
increases.19

Our findings suggest that rates of hospitalized head injury
were higher among men than women. It is interesting to
explore this by type of head injury sustained—for example,
men had 1.3 times the rate of open wounds to the head, 1.5
times the rate of intracranial injury, and 1.2 times the rate of
fracture of the skull and facial bone, but only 0.7 times the rate
of superficial injury compared with their female counterparts.
This is supported by the literature, which states that fall rates
and rates of non-fatal injury are, in general, higher among
women,15 20 whereas rates of fatal falls, death being largely due
to severe head injuries, are higher among men.15 21 Injury rates

Figure 1 Rates of specific hospitalized head
injuries by age group, 1998/1999 to 2004/
2005.
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in the older population are also, in general, higher among
men,9 13 so our findings may reflect an extension of this general
theme. Strategies for head injury prevention that are specifi-
cally targeted towards older men have been shown to be
difficult to implement for reasons that include the following:
older men are more isolated, less trusting, more reluctant to
admit that they need help, and have limited social networks
compared with their female counterparts (particularly after the
loss of a ‘‘significant other’’).14 22

It is concerning that rates of hospitalized head injury in our
study were consistently higher among older rural/remote
dwellers than their urban counterparts. Evidence suggests that
those living in non-metropolitan areas in Australia are
disadvantaged in terms of access to services,23 24 and this is
even more evident among the older rural population.25 In much
of rural/remote Australia, relatively small populations are
spread through large areas, presenting practical challenges for
injury prevention—for example, exercising programs for falls
prevention that may be successful in large cities may not be
successful in rural or remote areas. Distance and remoteness
complicate rapid retrieval of injured people to acute care
services, and may also complicate later stages of care and
rehabilitation. Traditions of risk acceptance in some rural/
remote-based occupations may also require special approaches.
Clearly, prevention strategies to reduce head injury rates among
rural/remote-dwelling older people need to become more of a
priority for policy makers and government agencies working in
this field, an important service provision issue in a country such
as Australia because of the many expansive areas with minimal
population.11 12

Our hypothesis that older Indigenous persons would have
higher rates of hospitalized head injury than their non-
Indigenous counterparts proved correct, but is perhaps an
underestimation given that a substantial proportion of older
Indigenous people who sustain head injury may prefer to not
present to hospital for care.26–28 A myriad of reasons have been
suggested in the literature for this, including: fear of leaving
home; fear of disempowerment associated with leaving the
support of family networks; fears about hospital environments
and ‘‘high-tech’’ treatments; fear of cultural alienation for
familiar foods and ways of being; fear of travel; fear of
loneliness; fear of language and communication barriers;
financial fears; and, especially, fear of dying away from the
homeland.23 29 30 Rates of hospitalized injury are, in general,
much higher among Indigenous people than for other
Australians.13 31 Remoteness may be one reason for these
disparities—for example, of 1216 discrete Indigenous commu-
nities surveyed in 2001, 78% were situated more than 50 km
from the nearest hospital.32 However, in 2001, rates of injury in
rural/remote-dwelling Indigenous people were higher than
those in rural/remote-dwelling non-Indigenous people, indicat-

ing that remoteness was not in and of itself the reason for the
higher injury rates among Indigenous groups.32

Given that falls contributed to more than 80% of hospitalized
head injuries in our study, it is important to consider
contemporary strategies for fall intervention at an international
level that have been developed specifically for older popula-
tions.33 34 In their review of interventions for the prevention of
falls in older adults, Chang and colleagues35 concluded that
multifactorial fall risk assessment and management programs
were the most effective in reducing the proportion of older
people who fall. Although exercise was also reported as being
effective in reducing falls among this population, there was no
clear evidence for the independent effectiveness of environ-
mental modification or education programs (except for
individualized interventions using occupational therapists).

Australia’s recently published National Injury Prevention and
Safety Promotion Plan 2004–201415 supported the findings of
Chang et al35 and included the following priority areas of action
to reduce the prevalence of hospitalized head injury among
older people: (1) develop the capacity of health service
providers to deal with head injury prevention, including raising
awareness of the preventability of falls and fall-related injuries;
(2) collaborate with key agencies responsible for services and
planning in rural/remote areas, particularly among Indigenous
groups, to ensure that head injury prevention is integral to
planning and policy development; (3) raise awareness of the
challenges of program implementation where populations are
small and dispersed; (4) support safety promotion and injury
prevention policies that address a range of social, environ-
mental, and behavioral factors, and provide good examples of
dealing with the underlying disadvantage of Indigenous
persons; (5) improve surveillance systems to provide informa-
tion for safety promotion and head injury prevention. However,
injury prevention strategies also need to address severe head
trauma that may result in the death of an older person before
hospital admission, and take into account the role of antic-
oagulants in hospitalized head injury among older groups (the
use of such medication has been reported to substantially
increase the likelihood of mortality after head injury).36 37

SUMMARY
The oldest old were disproportionately represented among
those sustaining hospitalized head injuries in our study, along
with men, those living in rural/remote areas, and Indigenous
persons. Open wounds of the head were the most prevalent
injuries sustained, and falls were the most common cause of
injury. Given the increasing proportion of older people in
Western societies, and the direct and associated costs of
treating hospitalized head injuries, the ability to reduce risk
of such trauma in this age group is of critical public health
importance.

Implications for prevention
This examination of rates of hospitalized head injury among the
older population in Australia has confirmed the magnitude of
the problem and identified a number of key areas in which
improvements can be made. The role of gender, location, and
Indigenous status need to be better understood so that
interventions can be more effectively targeted. Given the high
prevalence of hospitalized head injury resulting from falls in
our study, policies that specifically target falls prevention,
including multifactorial falls risk assessment and management
programs, are likely to be beneficial. Proven fall interventions
need to be implemented among older populations, as well as
new ones designed for specific high-risk populations, such as
those identified in our study.

Key points

N Rates of hospitalized head injury among people aged
60+ in Australia are increasing.

N Rates are higher among those aged 85+ years, men,
those living in rural/remote locations, and those identify-
ing themselves as Indigenous.

N The most common diagnoses were open wounds of the
head, followed by superficial injury and intracranial
trauma.

N Over 80% of hospital admissions for head injury were
due to falls.
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